Abstract Cellulose degradation is less known in the Ascomycota phylum, but it is important to recognize it because this process influences the most important biochemical cycle: the carbon cycle. Cellulose degradation is carried out by a complex enzyme: cellulase. Petriella setifera has recently been recognized as a producer of cellulolytic enzymes. In this work, it was shown, that the activity of cellulose-degrading enzymes, carbon source utilization and the gene expression of P. setifera were not determined by pre-culturing in different lignocellulosic wastes. Moreover, it was found that the presence of glucose and cellobiose could inhibit the activity and the expression of the cellobiohydrolase enzyme. bglucosidase exhibits a higher activity in all of the analysed wastes and this behaviour can be explained as a mechanism for P. setifera to overcome cellobioseglucose inhibition through the transglycosylation reaction. The significance of our research is to enable researchers to understand more thoroughly the cellulose degradation caused by soft rot fungus which belongs to the Ascomycota phylum. Our research is contributing to the understanding of cellulase activity and gene expression inhibition through the availability of a carbon source for P. setifera. Furthermore, it facilitates the acquisition of more information concerning the fungus P. setifera.
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Introduction
Filamentous fungi (FF) are heterotrophic eukaryotes and their growth and life depend on nutrient content and energy-rich feeds. The FF are saprophytes and they obtain nutrients from the degradation of a broad range of dead organic matter (More et al. 2010) . Schlerotium rolfsii, Phanerochete chrysosporium, Trichoderma spp., Aspergillus spp., Schizophyllum spp., and Penicillium are FF and they use cellulolytic enzymes to degrade cellulose because they use it as a primary source of carbon, consequently involving in one of the main biochemical cycles: the carbon cycles. This typology of fungi is frequently used to analyse the expression of cellulolytic enzymes because of the higher production of these enzymes than bacteria and other fungi. Petriella setifera is a fungus belonging to the Microascaceae family (Ascomycota phylum). However, only fragmentary information concerning the functional characterization of this fungus is available. It is known that P. setifera inhabits enriched soil (e.g. dung, manure or compost) (Danon et al. 2010; Lackner and De Hoog 2011) and belongs to the group of soft rot fungi (Mathieu et al. 2013 ). This category of fungi can degrade both cellulose and hemicellulose, but it also has the ability to decompose lignin (Hammel 1997; Martínez et al. 2005 ). Cellulose degradation is less known in the Ascomycota phylum though it (especially FF) can degrade lignocellulosic material under inaccessible conditions for the Basidiomycota phylum (e.g. higher humidity, pH or temperature) (More et al. 2010 ). In our previous paper , P. setifera was isolated from industrial compost and it was noted that this fungus can degrade the by-products from cellulose, hemicellulose, and lignin degradation. These findings highlight the importance of the function of the ecosystem services that this fungus provides. In particular, this is significant because cellulose degradation plays a key role in all important nutrient cycles, especially for the carbon cycle. The degradation of this important polymer relates to the hydrolysis of b-1,4-glycosidic bonds and this reaction is facilitated by the cellulase enzyme complex. This enzyme is mainly composed of cellobiohydrolase (EC 3.2.1.91), endoglucanase (EC 3.2.1.4) and b-glucosidase (EC 3.2.1.21). All of these enzymes belong to the Glycoside Hydrolase (GH; http://www.cazy.org/Glycoside-Hydrolases.html) family and they are grouped according to the structure of their catalytic domain into more than 70 families. Cellobiohydrolase (CBH) cleaves cellobiose from the end of the cellulose chain and it belongs to the GH7 family. CBH is encoded by the cbh gene. Endoglucanase (EGL) removes the amorphous region inside the cellulose chain creating an open site for the CBH enzyme; it belongs to the GH5 family. EGL is encoded by the egl gene. The last enzyme is b-glucosidase (BGL) and it has the function of degrading cellobiose to glucose. It belongs to the GH3 family and is encoded by the bgl gene. These three enzymes work synergistically to degrade cellulose (Sánchez 2009; Teugjas and Väljamäe 2013) . Cellulase production is influenced by several factors, in particular by the type of strain, culture conditions and the substrates being analysed (Niranjane et al. 2007 ) more precisely, by the type of carbon source present in the medium (Gao et al. 2008) . The fungal cellulase enzyme is only produced when plant biomass is the only carbon source available to the fungus. In fact, the activities of the enzyme are repressed in the presence of easily metabolized carbon sources (e.g. glucose and cellobiose) and they are activated in the presence of substrate polymers (e.g. sophorose, gentiobiose, cellobiose, xylose and D-xylose) (Ilmén et al. 1997; Aro et al. 2005; Suzuki et al. 2008; Ahmed et al. 2009; Amore et al. 2013; Yamakawa et al. 2013; Raulo et al. 2016) . In summary, cellulase production is affected by the induction and repression of glucose; whereas the by-product of cellulose degradation provides the induction of cellulase production (Ju and Afolabi 1999) .
Petriella setifera has been classified as soft rot fungus, but Mathieu et al. (2013) has established that this fungus may be classified (through enzymatic analysis) as brown rot fungus. In our previous work , this fungus pre-cultured was analysed on three different lignocellulolytic media and we found that the P. setifera strains decomposed the medium composed of protein, macroelements (N, P, and K) and easily accessible sugar rather than the medium which was rich in lignocellulose (i.e. sawdust). Together, the strains that were grown on the medium rich in lignocellulose presented changes at the level of their metabolic and genetic features. The adaptive response to the culture medium conditions of P. setifera could change the genetic expression of the fungus to produce a specific enzyme and isoforms (Tirado-González et al. 2016 ). This process depends on the fungal species and the sampling time (TiradoGonzález et al. 2016) . Knowing a possible use of rich compost of lignocellulose in the agricultural field, the aim of the study was the evaluation of carbon sources utilization, enzyme activities and gene expression of the fungal strains pre-cultured in four different media; the control and three different wastes, with a different content of cellulose, hemicellulose, and lignin, i.e. oak sawdust (OS), dried sugar beet pulp (BP) and durum wheat bran (WB). The methodologies, described above, were used because the enzymatic activity and gene expression produce quantitative data of putative functional traits (Mathieu et al. 2013) , whereas the Biolog MT2 plate analysis is an efficient and alternative methodology used to analyse microorganisms as they degrade the lignocellulosic substrate (Taha et al. 2015) .
Methods
Petriella setifera strains and lignocellulosic material characterization Five fungal strains of P. setifera (G11/16, G14/16, G16/16, G17/16, and G18/16) were selected from the fungal collection of the Laboratory of Molecular and Environmental Microbiology, Institute of Agrophysics, Polish Academy of Sciences (Lublin, Poland). All of the relevant information about the identification of the five strains was included in our previous publications Pertile et al. 2018) . Three different lignocellulosic wastes were analysed: oak sawdust (OS), dried sugar beet pulp (BP) and durum wheat bran (WB). The three wastes were powdered using a ball mill (Retsch MM 400, 30 Hz) for 15 min. Chemical analyses were conducted as described by Oleszek and Krzemińska (2017) . The total nitrogen content was analysed using the Kjeldahl method (Corporation 1998).
Metabolic, enzymatic and functional analyses
To prepare an inoculum for MT2 plates evaluation, each isolate was cultivated on Potato Dextrose Agar medium (PDA; Oxoid Ltd, England) with 3% (w/v) addition of oak sawdust, dried sugar beet pulp or durum wheat bran and control medium (PDA without the addition of waste), at 26°C in the dark for 45 days in total, including 7 days with white light exposure for spore formation. The modified procedure of Frąc et al. (2016) was following: 100 ll of mycelium suspension (75% transmittance in FF inoculating fluid, Biolog Ò ) was added to each well, which was located on the MT2 plate, in four replicates, where previously 50 ll of 1% of carbon sources were placed. The analysed carbon sources were as follows: carboxymethylcellulose (CMC; Fluka Ò Analytical, USA), cellobiose (CB; AppliChem, USA), microcrystalline cellulose (VP; Vivapur Ò 101, JRS Pharma, Germany), powdered cellulose (AB; Arbocel Ò M80, JRS Pharma, Germany) and crumbled Whatman No. 1 cellulose filter paper (FPU) obtained using a ball mill (300 Hz) for 20 min. The inoculated microplates were incubated at 27°C for 10 days. The optical density at 490 nm and 750 nm was determined every 24 h using a microplate reader until the 8th day of incubation.
Functional diversity was determined by the Average Well Density Development (AWDD) index and it was measured from the optical density of each well, corrected for the blank (water) and divided by the total number of the wells used. Furthermore, the metabolism analysis was analysed through the ratio of the substrate use (respiration, OD 490 nm) and mycelium growing (OD 750 nm). This ratio compares the metabolic activity and the biomass development (Pinzari et al. 2014 (Pinzari et al. , 2016 .
The cellulolytic activity of P. setifera was determined calorimetrically in liquid culture filtrates during the incubation period (from 2 to 7 days). The culture conditions were as follows: 12 ml Potato Dextrose Broth (PDB; Biocorp Ò , Poland) with the addition of 1% microcrystalline cellulose (Vivapur Ò 101, Germany) in a 50 ml Erlenmeyer flask, at 28°C, 160 rpm shaking, and * 2 9 10 5 spores as an inoculum for each fungal strain (prepared as for the evaluation of MT2 plates). Each liquid media was centrifuged at 4000 rpm for 20 min. The supernatant was recovered to determine enzymatic activity and the pellet was stored at -20°C for RNA extraction. Cellulolytic activity determination included: total cellulase activity (FPase) evaluation after 60 min of incubation at 50°C, pH 4.5 according to Mandels et al. (1976) , King et al. (2009), and Oszust et al. (2017) ; carboxymethylcellulase (CMCase) determination following the Hankin and Anagnostakis (1977) protocol, after 30 min of incubation at 50°C, pH 4.5; and bglucosidase (BGL) determination, through the Deschamps and Huet (1984) protocol, after 15 min at 37°C. The analyses were performed in analytical triplicate for each of the biological duplicate experiments (n = 6). The enzyme unit used in our paper is one unit (U) and it quantifies the amount of enzyme required to release 1 lmol of reducing sugar from the appropriate substrates per minute. FPase and CMCase are expressed as U cm 3 /1 (lmol/min/cm 3 ) and BGL is expressed as nmol/min/cm 3 . The RNA was extracted using a MagMAX TM -96 Total RNA Isolation Kit (ThermoFischer, USA) with a modified homogenization step . 100 mg of mycelium (previously stored at -20°C) was suspended in 1 ml of nuclease-free water. Then the samples were vortexed for 3 min and 165 ll of each suspension was transferred to BeadTubes (ThermoFischer, USA) containing 235 ll of Lyse F buffer (EURx, Poland). The samples were homogenized by a FastPrep-24 instrument (MP Biomedicals, USA) at 6.5 m/s with two cycles of 1 min each separated by 2 min intervals. After that, the samples were centrifuged at 16,000 rcf for 210 s and 200 ll of each lysate was transferred to a new tube. To clarify the lysate, the samples were centrifuged at 16,000 rcf for 360 s. Reverse Transcription (RT) was performed using a High-Capacity cDNA Reverse Transcription Kit (ThermoFischer, USA), 10 lM of anchored Oligo(dT)20 Primer and 10 ll of RNA. The reaction mixture was incubated at 25°C for 10 min, 37°C for 120 min and 85°C for 5 min. Samples were stored at -20°C until a qPCR analysis was performed.
The relative amount of cbh, egl, and bgl gene transcripts were determined by qPCR for all four analysed samples, one control and 3 waste samples, after a range from 2 to 7 days of growth under the same conditions for enzymatic activity analyses. Before performing qPCR, the primers were tested (Table 1 ) on the DNA of the five analysed strains to be certain to obtain the correct PCR-product through sequencing by an ABI 3130 Genomic Analyzer (ThemoFisher, USA).
All of the sequences of the three functional genes for all five strains were deposited in the NCBI (http:// www.ncbi.nlm.nih.gov) (Woodsmall and Benson 1993) and are as follows: for the cbh gene-MF673402, MF673405, MF673407, MF673408 and MF673409; for the egl gene-MF673397, MF673398, MF673399, MF673400 and MF673401; and for the bgl gene-MF684777, MF684778, MF684779, MF684780 and MF684781. Furthermore, a model for each enzyme was constructed using the SWISS-MODEL (Biozentrum, Switzerland) (Arnold et al. 2006; Guex et al. 2009; Kiefer et al. 2009; Biasini et al. 2014 ) and JMOL software (Fig. S1 ).
The qPCR reactions were conducted with two biological replicates for each cDNA sample. For each qPCR, a negative control was run plus an RNA positive control to determine whether the reverse transcription and/or qPCR reaction and conditions were optimal. The qPCR reactions were performed in a final volume of 10 ll; the reaction mixture was composed of 1X SG qPCR Master Mix (EURx, Poland), 0.4 lM of each primer (Genomed, Poland), 30 nM ROX and 3 ll of cDNA. The reaction was performed in a 7500 Fast Real-Time PCR System (Applied Biosystems, USA) under the following conditions: 95°C for 5 min followed by 40 cycles at 95°C for 15 s, 50°C for 45 s and 76°C for 1 min. The melting curve analysis was performed at 95°C for 15 s, 60°C for 1 min, 95°C for 30 s and 60°C for 15 s. Fluorescence was measured during each elongation step.
To normalize the relative quantification of the cDNA, the elongation factor-1 alfa gene (ef1a) was used as an internal control. This gene was used because in the NCBI database there are only three housekeeping genes [ef1a, b-tubulin (b-tub) and RNA polymerase II beta subunit (RPB2)] published for this fungus. A primers specific for these three genes was selected and only the PCR-product that was obtained from the ef1a presented a good similarity with the sequences published in the database (see Fig. S1 and S2 and Table S1 ). The relative expression of the cellulose-acting gene was calculated using the Pfaffl equation (Pfaffl 2004 ) ratio = (E target)
DCP(control-sample) ; where E is the efficiency of the qPCR and the DCP is a comparison of the threshold values (Ct) of the control and sample. The results are reported as relative fold change.
Statistical analysis
To illustrate the Biolog results, the similarity between the strains of five different types of carbon was presented by means of a heatmap graph. For the AWDD index, enzymatic activities and relative quantification were assessed, using a two-way ANOVA analysis including the effect of the incubation hours, the strains, and the different analysed substrates. Successively, the significant differences were calculated by a post hoc analysis using the Tukey test.
Moreover, Pearson's correlation between the chemical characteristics of the three tested wastes and the Ps-EF1a_R AAR CCR ACG TTG TCA CCG GG molecular and biochemical analyses were made. All of the statistical analyses, which are described above, were performed with the use of STATISTICA 12.0 software (StatSoft, Inc., USA).
Results

Chemical characteristic of the waste
The chemical characteristics of each analysed waste are presented in Table 2 . The waste that contained most lignocellulosic materials was oak sawdust (OS). This waste contained 93.91% total solids, of which 84.10% is lignocellulosic (27.20% hemicellulose, 42.90% cellulose, and 14% lignin). The two remaining wastes had a lower content of lignocellulosic materials. The dried sugar beet pulp (BP) was composed of 92.49% total solids, of which 57.10% was lignocellulosic (37% hemicellulose, 17.5% cellulose, and 2.60% lignin), whereas the durum wheat bran (WB) consisted of 91.52% total solids, of which 41% was lignocellulosic (31.30% hemicellulose, 7.7% cellulose, and 2% lignin). WB waste had a high content of crude fat (CF), crude protein (CP), total nitrogen (N total ), and non-fibre carbohydrates (NFC); but most importantly this waste had a lower quantity of cellulose (CEL), lignin (ADL), and acid detergent fibre (ADF). OS was characterized by a higher concentration of CEL, neutral detergent fibre (NDF), ADF, and ADL and by a lower content of N total , crude ash (CA), NFC and CP. For the last waste (BP) to be analysed, a higher content of hemicellulose (HCEL), and CA were detected whereas the contents of lignin and CF were determined to be at a lower level. Our findings were in accordance with other studies (Mikiashvili et al. 2011; Stevenson et al. 2012 ).
Metabolic activity
Through our analysis of four wastes, the differences and the resulting significant behaviours from using five different carbon sources on the strains grown on different wastes were observed (Fig. 1) .
The durum wheat bran (WB) wastes produced a high AWDD index, whereas the dried sugar beet pulp (BP) and the oak sawdust (OS) had a lower AWDD index.
These different behaviours became more evident when the AWDD index was analysed as a function of added carbon sources (Fig. 2) . The findings clearly showed that P. setifera utilized more cellobiose (CB) from the CTRL, WB and OS wastes, whereas all wastes did not influence the utilization of powdered cellulose (AB). Carboxymethylcellulose (CMC) and microcrystalline cellulose (VP) showed that a high level of activity occurred in the CTRL medium and a lower one in the BP waste. On the other hand, the filter paper unit (FPU) was more completely metabolized by the fungus that grew in the pre-cultured conditions of all analysed wastes and less in the CTRL medium.
The ratio 490/750 nm (Table 3 ) had provided us that the G16/16 and G18/16 strains had a higher ratio because the respiration rate was higher than the biomass development. Whereas, the strain G11/16, cultivated on the three different waste, presented a best efficiency in all substrates than the control. The observation of this ratio, in function of each strain, showed that all analysed strains (with exception of the strain G11/16 cultivated on dried sugar beet pulp) presented a best efficiency on CMC substrate. Analysing the correlation between the chemical characterizations of the three tested wastes and the utilization of the different carbon sources (Table 4) , it was observed that the crude fat (CF) was positively correlated with the degradation of CMC (0.998; p value \ 0.05).
Enzymatic activity
The total cellulase (FPase), carboxymethylcellulase (CMCase) and b-glucosidase (BGL) enzyme activities are expressed for all wastes as 0.0037 U/cm 3 , 0.0841 U/cm 3 and 8.0923 nmol/min/cm 3 , respectively. The averages of the standardized enzymatic activities were higher for the durum wheat bran (WB) and oak sawdust (OS) than for the control (PDB medium; CTRL) (Fig. 3) .
When each enzymatic activity was analysed separately, a different behaviour for each strain as a function of the growth substrate was observed. The only enzymatic activity that showed no statistically significant difference was FPase (Fig. S3) . The CMCase activities in all tested wastes were higher compared to the control (Fig. 4) and, in particular, it had a higher level of activity of ca. 0.14 U/cm 3 in OS and 0.12 U/cm 3 in dried sugar beet pulp (BP) wastes than in the CTRL and WB substrates (approximately, they were just under 10-fold; Fig. 4a ). Analysing the value of the enzymatic activity during the incubation period, the CTRL medium presented a very low CMCase activity for the whole incubation period which was close to 0 U/cm 3 (Fig. 4b) . Table S2 ). CTRL Control, WB Durum wheat bran, OS Durum wheat bran, BP Dried sugar beet pulp Table S2 ). CMC carboxymethylcellulose, CB Cellobiose, VP Microcrystalline cellulose, AB Powdered cellulose, FPU Filter paper unit, CTRL Control, WB Durum wheat bran, OS Oak sawdust, BP Dried sugar beet pulp
The same trend was observed for WB waste at the beginning of the experiment and CMCase activity started to increase after 3 days of incubation to steady state of ca. 0.1 U/cm 3 until the end of the experiment. BGL activity was higher for WB waste (ca. 20 nmol/ min/cm 3 ), whereas OS and BP produced a lower activity than the WB and the CTRL substrates (ca. 2-4 nmol/min/cm 3 ; Fig. 5a ). On the other hand, when we analysed BGL activity during the incubation time, we observed that WB waste had a higher activity (the maximum was reached with ca. 25 nmol/min/cm 3 on the 5th day of the experiment) than the other wastes and, in particular, the CTRL medium had a low activity until the 4th day and then it increased until the end of the incubation time (Fig. 5b) .
Gene expression analyses
The relative quantification showed that only the egl and bgl genes were expressed, especially in almost all of the analysed wastes and that the level of the bgl gene was higher than the egl gene. The expression of the genes started at the 3rd day from the beginning of the incubation period (Fig. 6a) . The trend of egl expression reached its height on the 3rd day and after that, it decreased to zerofold and remained stable until the end of the experiment. For the bgl gene, the trend was not stable; in fact, it produced two high peaks (about 400-500-fold) on the 4th and 6th days. Also, when we analysed the expression of both genes according to the four wastes (Fig. 6b ), the expression results had a statistical significance, and we observed that bgl expression was higher for durum wheat bran (WB) and dried sugar beet pulp (BP) than it was found for the other wastes and for egl expression the highest value was produced by oak sawdust (OS).
Analysing the correlation between gene expression and the chemical characterization of the wastes, we found that the expression of the egl gene was positively correlated with volatile solids and negatively with crude ash and the ratio of cellulose to lignin content (Table 2) . On the other hand, we found that the expression of the bgl gene was negatively correlated with neutral detergent fibre and cellulose content (Table 2) .
Discussion
In our previous work , we found that the ratio of cellulose to lignin content was higher for the dried sugar beet pulp (42.43) and durum wheat bran (21.96), whereas for oak sawdust it was lower (4.95). This ratio provides important information concerning the affinity of the substrate to be degraded. In fact, these values explain why dried sugar beet pulp (BP) and durum wheat bran (WB) are susceptible to more advanced degradation by microorganisms than oak sawdust (OS). From our chemical analysis, we observed that the OS substrate does not present chemical characteristics that result in the stimulation of the production of the cellulase enzyme. Between the OS Oak sawdust, BP dried sugar beet pulp, WB durum wheat bran, CMC carboxymethylcellulose, CB cellobiose, VP microcrystalline cellulose, AB powdered cellulose, FPU cellulose filter paper. Highlight means the lower ratio inside each analysed carbon substrate (red colour) and the lower ration inside each analysed strain (yellow colour). More the ratio is lower, more the metabolism is efficient. This means that the activity of the mycelium growing is higher than the metabolic activity analysed wastes, WB stimulates and improves cellulase secretion. Wheat bran is a good source of nitrogen (because of the protein content) and hemicellulose (because of the soluble sugars content) (Duff and Murrayh 1996; Camassola and Dillon 2007; Brijwani et al. 2010) . Soluble sugars or cello-oligosaccharides (i.e. arabinose, xylose, cellobiose, and glucose) are needed for initial microbial growth, whereas cellulose and hemicellulose are used to stimulate cellulase production after the consumption of soluble sugars (Brijwani et al. 2010; Oberoi et al. 2010 ). Sun et al. (2008) reported that the composition of wheat bran is crude protein (* 18%), starch (* 19%), and nostarch carbohydrates (* 58%, of which * 70% is arabinoxylans and 24% is cellulose). In particular, the last component described above plays two important roles: firstly it regulates the synthesis of enzymes which participate in wood degradation by inducers (such as sophorose and gentiobiose) for enzymes production and secondly the presence of cellooligosaccharides can increase the cell synthesis of the filamentous fungi (FF) (Sun et al. 2008 ). In addition, the lower water content inside the WB solidculture can reduce the diffusion of free-glucose inside the medium (Maeda et al. 2004 ). The Biolog analysis revealed another aspect of the utilization of different carbon sources after the fungus was pre-cultured on three different wastes. The first aspect was that the AWDD index (Fig. 1) for the control substrate (CTRL; in PDA medium) was higher than the waste samples analysed. However, the lowest AWDD index was noted for dried sugar beet pulp (BP) waste. The high value was related to the presence of glucose sources in the CTRL substrate (the stock of PDA medium contains 20 g/l of dextrose) because this carbon supplier stimulates and increases the growth of the fungus and it is easy to use the carbon source, whereas the lower value could be related to the concentration of hemicellulose (correlation between the degradation of five carbon sources and the chemical characteristics was observed but the p-value was higher than 0.05; Table 4 ). All the strains grew more rapidly within the cellobiose (CB) source because, from a biological/physiological point of view, the microorganisms use the most energetically favourable carbon sources available to conserve energy (in our case CB; Fig. 2). Fig 2 supports the Fig. 3 Profile of standardizing enzymatic activities in each analysed waste. Vertical bars represent confidence intervals at 0.95. The lower-case letters above each column describe the statistical difference between the treatments (calculated by Tukey test; see Table S3 ). CTRL Control, WB Durum wheat bran, OS Oak sawdust, BP Dried sugar beet pulp Table S4 ). CTRL Control, WB Durum wheat bran, OS Oak sawdust, BP Dried sugar beet pulp possible correlation between the degradation of CB and hemicellulose (HEL) content inside the wastes because the utilization of this carbon source was high in the CTRL, durum wheat bran (WB), and oak sawdust (OS) and besides, these wastes had a lower HEL content than BP. In conclusion, the Biolog's results inform us that all the strains (unaffected by the form of cultured waste) grew very well in CB substrate (Fig. 2) . These findings are related to the presence of cellobiose, which is connected with other study (Ilmén et al. 1997; Suzuki et al. 2008; Amore et al. 2013; Yamakawa et al. 2013) indicating that the cellobiose substrate induces cellulase production because of its solubility. In fact, a crucial transcription factor CLR-1, was discovered in Neurospora crassa which, during growth on microcrystalline cellulose, requires the utilization of cellobiose to promote the expression of the genes, which are involved in cellulase production (Coradetti et al. 2012) . Furthermore, these strains are more active inside this substrate because the natural cellulose is insoluble and it is impossible for it to migrate across the fungal cell membrane; for this reason the fungi must break down the cellulose into simple sugars (for example, sophorose or cellobiose) Table S5 ). CTRL Control, WB Durum wheat bran, OS Oak sawdust, BP Dried sugar beet pulp Tables S6 and S7 ). CTRL Control, WB Durum wheat bran, OS Oak sawdust, BP Dried sugar beet pulp which have the ability to pass through the membrane and induce cellulase production (Carle-Urioste et al. 1997) . Petriella setifera showed the best utilization of the five carbon sources on the durum wheat bran (WB). This conclusion was confirmed from the results obtained in our previous paper , in which the strains more readily decompose wastemedia rich in protein, N, P, K and easily accessible sugars (such as WB and BP). Filter paper (FPU) was positively affected by the pre-culture step because of the increase of the AWDD index for all the wastes in contrast to the control (Fig. 2) . On the other hand, the powdered cellulose (AB) did not present any influence from the pre-culture stage, whereas the carboxymethylcellulose (CMC) and microcrystalline cellulose (VP) registered the opposite effect because the AWDD index was higher in the control than the wastes analysed. Our finding, concerning the utilization of the VP source, did not agreed with the paper of (Duff and Murrayh 1996) . They found that the Avicel microcrystalline cellulose and wheat bran induced cellulase activity. This strong utilization of CB in WB and OS media may be related to the presence of cellooligosaccharides and the high content of N for WB waste, whereas for OS waste it may be related to the degradation of lignin. In a recent work of Janusz et al. (2018) it was shown that the role of the laccase enzyme may be carried out by other enzymes involved in quinine redox-cycling and the oxidation of ligninderived products. Moreover, Oriaran et al. (1988) found that the addition of glucose to the medium can lead to a reduction in the lignin content. The 490/750 nm ratio revealed that the best ratio appears in all analysed strains which are exposed on carboxymethylcellulose (CMC), furthermore, the different pre-cultured waste did not affect this ratio (Table 3) . This result could relate to the step of preculturing on the three different waste for 30 days. In this phase, the fungi start the degradation of the lignin to obtain free-cellulose. When we transferred the mycelium in contact with CMC, the enzyme carboxymethylcellulase (CMCase) or endo-1,4-b-glucanase begin the degradation of CMC. The energy was obtained through this degradation could be use a little for the mycelium growing, a little for other pathways and other for the formation of ascus and ascospores or a second antimicrobial metabolite (Umehara et al. 1983) to overcome this stressful situation. The cellobiose (CB) did not permit the presence of very nice ratio (range 1.482-2.216) because the fungi degraded CB to get glucose. The higher concentration of glucose and cellobiose caused a stressful condition. On the other hand, we need to consider that in the CB condition the strains present no a nice ratio (this means that the metabolic activity is not efficient) but if we consider only the OD 750 nm (which measures the biomass development), all the strains present the high value than the other analysed waste (Fig. 2) . This means that all the strains grew better in this good condition, but they need more energy because they need to adapt their metabolism to the new situation (before they were cultivated on lignocellulosic waste and after only CB). For microcrystalline cellulose (VP), powdered cellulose (AB) and cellulose filter paper (FPU), the ratio was higher than the other two analysed carbon sources, this could relate to the structure of the cellulose. These three compounds have not an easy cellulose structure and the fungi to obtain free-cellulose, need so much energy to break the chemical bonds to obtain available carbon. Based on literature review, the comparison of P. setifera capabilities to commercially available biopreparations indicated a potential of this fungus in cellulose degrading pathway. In general, the preparation mixture contains cocktails of different enzymes, e.g. xylanase and endoglucanase from Trichoderma longibrachiatum (Celustar XL-Dyadic International Inc., Florida, USA), carboxymethylocellulase and endoglucanase from Penicillium funiculosum (Optimash TM VR, Genecor, San Fransisco, USA), pectinase and endoglucanase (Agropect pomace, Danisco Poland Sp. z o.o.) (Oszust et al. 2017) . The results of presented study indicating that P. setifera is characterised by specific metabolic profile and suggesting that is able to synthetize complex of enzymes for degradation, which confirm potential of this fungus in application sector.
In conclusion, we may say that all P. setifera strains found an optimum growing condition within the control, durum wheat bran, and oak sawdust substrates. Especially, the pre-culture stage did not influence the balance between the metabolic activity and biomass development on substrate CB as a carbon source. Analysing each enzymatic activity separately, it was found that the total cellulase content (FPase; Fig. S3 ) did not exhibit a high activity and the results obtained were not statistically different between wastes. Wen et al. (2005) described the cellulase activity as species-specific and dependent on the substrates analysed. In another work, it is noted that the cellulase activity was affected positively by the wheat bran substrate (Duff and Murrayh 1996; Sun et al. 2008; Brijwani et al. 2010; Oberoi et al. 2010; Dhillon et al. 2011) . A possible cause of the nonpresence of FPase activity is the presence of mineral substances that may have created a reaction with the medium, leading to the creation of inhibitory substances resulting in lower FPase activity . This low FPase activity may be related to the nature of the carbon source added to the medium (Dhillon et al. 2011) or to the energy-consuming process of enzyme production, so the fungus produces this enzyme only when it is required and utilizes plant polymers as energy and carbon sources (Amore et al. 2013 ), but, in our case, different lignocellulosic waste were added to each medium plus the Potato Dextrose Broth (PDB; this medium contains the convenient carbon source dextrose). Moreover, the induction of the gene expression of cellulase is linked to the presence of substrate polymers (e.g. cellobiose, gentiobiose, sophorose, etc.). On the other hand, the presence of easily available carbon sources (e.g. glucose and cellobiose) inhibits the expression of these genes and consequently, the activity of the enzyme significantly slows the global process of cellulose degradation. This phenomenon is called carbon catabolite repression (CCR) (Aro et al. 2005; Amore et al. 2013; Glass et al. 2013 ) and the derepression of gene expression is activated when the glucose concentration drops. In our experiment, it is possible that the FPase activity was affected by the glucose concentration in all media and that all P. setifera strains utilized the glucose through other low energy-consuming pathways to obtain energy and carbon sources. As for the total cellulase activity (FPase), P. setifera did not present a good ability to induce the activity of FPase in the control (PDB medium) and the three analysed wastes. Another important aspect provided by these results is that this fungus did not produce isoforms of this enzyme and therefore it lacked the ability to activate the production of this enzyme on different media (Duff and Murrayh 1996) , or else these isoforms were not produced due to the presence of glucose inhibition. Another important aspect to consider is that it is possible that the lack of FPase activity is related to the concentration of cellobiose or cello-oligosaccharides because over time the addition of these two substances can lead to an increase in the activity of the enzyme (Sun et al. 2008) . The activity of carboxymethylcellulase (CMCase) was detected in all the wastes and it was higher in the three analysed wastes than in the CTRL substrate (Fig. 4a) . These results were confirmed by the results of other studies (Narasimha et al. 2006; Gao et al. 2008; Coradetti et al. 2012) . Through Fig. 4 , it may be concluded that the CMCase activity is higher for OS and BP wastes than it is for the control, and especially, the enzyme activity within the WB waste is increased from the 3rd day of the incubation period until the end of the experiment (Fig. 4b) . The slow manifestation of CMCase activity in WB waste could be related to the lower concentration of cellulose (its concentration is 2.27-fold lower than BP waste and 5.57-fold lower than SD; see Table 2 ); in contrast, the higher CMCase activity appears in OS and BP wastes because of the high concentration of neutral detergent fibre (NDF), acid detergent fibre (ADF), and cellulose (CEL) ( Table 1 ). The CMCase activity is induced by the presence of xylose, cellobioside, and microcrystalline cellulose. This enzyme attacks the low crystallinity areas of cellulose and this characteristic could relate to the high activity in OS and BP wastes (Fig. 4a) . Through the correlation between the chemical characterization of the analysed wastes and the CMCase activity, any results that could be statistically significant (p value [ 0.05; Table 4) were not observed. In case of result correlations, it was observed that features like total nitrogen (N tot ), non-fibre carbohydrates (NFC), crude protein (CP), and crude fat (CF) were correlated negatively, whereas NDF, ADF, and CEL were correlated positively to CMCase activity. These features are the principal characteristics of OS and BP wastes (see Fig. 4a and Table 4 ). In particular, the negative effect of starch on cellulase and bglucosidase was confirmed by the work of Sun et al. (2008) . The last analysed enzyme, b-glucosidase (BGL), produces a higher level of activity in WB waste (ca. 20 nmol/min/cm 3 ; Fig. 5a ), and the level of the activity was higher for the duration of the experiment (Fig. 5b) . Higher activity level may be related to four principal aspects: an increased presence of inducers (transglycosylation) (Suto and Tomita 2001) , the accumulation of cellobiose and glucose inhibition (carbon catabolite repression-CCR) and the possibility of the existence of isoforms or the presence of more than one gene that encodes for the b-glucosidase enzyme, and the mineral composition of wheat bran medium . This higher level of activity could be affected by the presence of a relevant concentration of cello-oligosaccharides, which are degraded into substances that induce cellulase production. After obtaining these inducing molecules, they migrate inside the cell inducing the transcription of the genes involved in cellulase production. As a result of cellulose degradation, free glucose is produced which causes the CCR phenomenon. This higher b-glucosidase (BGL) production is connected with glucose and cellobiose as positive ''inducers'', because of its inhibition activity (Amore et al. 2013) and its conversion by the cellulase-inducer through the transglycosylation pathway. Another possible explanation is the presence of more than one gene that encodes BGL enzyme. In fact, researchers have detected two bgl genes in Trichoderma reesei and Neurospora crassa (Amore et al. 2013) . Durum wheat bran (WB) waste presented a higher level of BGL activity than the other wastes. These findings may be related to the lower content of cellulose (7.70 ± 0.30% of total solids, correlation coefficient was -0.714, p value 0.493, Tables 2, 4) and a higher content of nitrogen (2.94 ± 0.11% of total solids, correlation coefficient was 0.874, p value 0.323, Tables 1, 2) because this element can positively influence BGL activity and it helps to stimulate the initial stage of litter degradation (Kellner et al. 2010; Zhao et al. 2013) . The increase in CMCase and BGL activities during the experiment may be justified by the fact that the biosynthesis of lignocellulolytic enzymes increased with the decrease of cellulose available (Kadimaliev et al. 2003) .
The ratio of b-glucosidase activity to filter paper activity has been calculated elsewhere. This ratio is ideal when it presents a range of 0.12-1.5 (Wen et al. 2005; Ahamed and Vermette 2008; Dhillon et al. 2011 ) and this ratio depends on the affinity between the enzyme and the substrate, and the type of substrate. In our experiment, this ratio was 1.35 and 0.17 for durum wheat bran (WB) and oak sawdust (OS), respectively. This rate explains that the b-glucosidase produced by P. setifera was sufficient to hydrolyse the cellobiose to glucose only in WB and OS wastes.
The relative quantification of the genes involved in cellulose degradation on the wheat bran medium resulted in a high gene expression profile for the hydrolytic enzymes of Aspergillus oryzae (Sun et al. 2008 ). In contrast, for our experiment, only the cbh gene is not expressed inside these analysed wastes. The lack of expression of this gene is related to the much lower FPase activity (Fig. S3) (Rahman et al. 2009 ). The repression of the cbh and egl genes may be observed in glucose-containing media (Amore et al. 2013) , and this phenomenon ceases when the concentration of glucose falls. The expression of the remaining genes, egl, and bgl starts from the 3rd day of the incubation time (Fig. 6a) . The fact that enzymatic activities begin 1 day before the expression of its genes is related to the possible existence of other isoforms of these enzymes (several filamentous fungi have the ability to express different BGL isoforms as a function of the prevailing culture conditions or carbon sources) (Singhania et al. 2013) or the enzymatic activities were expressed through other genes. In fact, in Hypocrea jecorina (T. reesei) (Sordariomycetes), 3 egl genes are found for the first and 5 egl and 2 bgl genes for the second fungus (Gruno et al. 2004; Murphy et al. 2013 ). The egl expression (Fig. 6a ) presents higher value at the beginning and, after the 3rd day, the value decreases to zerofold at the end of the experiment. The decrease in the fold change for this gene could be related to the presence of cellobiose and glucose inside the media which leads to an inhibition of the egl expression. In the case of Figs. 4 and 6, the confirmation of the activity and expression of the endoglucanase gene for the OS waste were observed, but this did not confirm the trend of the BP waste. The absence of a correlation between the enzymatic activity and gene expression could be related to the expression of a different gene from the one that was analysed, this is possible in a fungus that possesses more genes that encode for the same enzymes (Gruno et al. 2004; Murphy et al. 2013 ), or perhaps, there exists on the Petriella genome alternative splicing events that result in the production of multiple isoforms that function at certain stages of development, or under certain culture conditions or for particular carbon sources (Cai et al. 1999; Olsson et al. 2003; Bustin et al. 2009; Hatakka and Hammel 2010; Amore et al. 2013; Singhania et al. 2013; Li et al. 2016) . Tirado-González et al. (2016) found that when the fungi grow in different conditions from the optimum condition of growth, they can modify the gene expression to obtain the enzyme or isoforms of the same enzyme. It is particularly noteworthy that the expression of the egl gene is ca. 100-fold higher in the oak sawdust. This finding is positively correlated with the ratio of cellulose to lignin content and negatively with the ratio of lignin to hemicellulose content ( Table 2 ). The higher expression of this gene could be connected with the glucose content because glucose induces lignin degradation and consequently, cellulose becomes more available (Oriaran et al. 1988 ). On the other hand, the expression of the bgl gene was negatively correlated with the neutral detergent fibre (it indicates the content of hemicellulose, cellulose, lignin) and cellulose content. This negative correlation may be explained by the requirement to have cellobiose available. The accessibility of this convenient carbon source is given by lower content of lignin (this leads to higher cellulose availability) and lower content of cellulose (because through its degradation the microorganisms obtain the cellobiose).
Analysing together the enzymatic activities and the gene expression, the lower activity of FPase and CMCase was observed and it may be related to the inhibition product from the hydrolysis of cellulose, i.e. cellobiose and glucose (Andrić et al. 2010; Murphy et al. 2013; Teugjas and Väljamäe 2013) ; on the other hand, the higher activity of BGL (300-to 400-fold change) could be related to the transglycosylation reaction. This reaction permits the transfer of glucose or cellobiose to yield different di-, tri-, and oligosaccharides (Andrić et al. 2010; Glass et al. 2013) , thus relieving the product inhibition of FPase and CMCase. This phenomenon was studied in Penicillium piceum (Gao et al. 2013) , A. oryzae (He et al. 2013) and Fusarium oxysporum (Christakopoulos et al. 1994) .
Conclusions
In summary, the present study revealed that preculturing on a lignocellulolytic waste of P. setifera filamentous fungus negatively affects the utilization of the microcrystalline cellulose and carboxymethylcellulose. In contrast, the implementation of pre-culturing increased the utilization of filter paper and cellobiose activity. The activity of FPase and the expression of the cbh gene (unlike the other two analysed enzymes and genes) were not activated in P. setifera cells by substrates used in the study. On the other hand, the high activity of CMCase and BGL and also the expression of bgl and egl have indicated a possible pathway for cellulose degradation in the analysed conditions. These biological findings confirm that P. setifera is capable of living and growing, especially on the medium with durum wheat bran and oak sawdust, in the presence of plant biomass and an inhibitor (i.e. cellobiose and glucose) thus confirming that this fungus can degrade cellulose and is partially engaged into lignin degradation.
